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ABSTRACT 
 
The quality of the granular products frozen by fluidization depends on the structure of ice crystals. 
These are formed during the nucleation process. One of the factors which influence the nucleation process is 
Froude’s criterion. 
 
INTRODUCTION 
 
 Nucleation. For a liquid-solid transformation to take place, it is necessary for there to 
be a seed upon which the solid phase ca grow. Without this seed, growth is not possible, as 
the molecules in the liquid phase do not easily align into the configurations required for the 
solid. The seed is a cluster of molecules of a sufficient size to sustain growth. 
 The classical description of the kinetics of nucleation indicates the problem that has to 
be overcome. At any temperature below the equilibrium melting point, any volume of the 
solid phase will have a lower volum free energy than the same molecules in the liquid phase. 
However, the cluster of molecules will have an interface with the remaining liquid, and the 
formation of this interface is thermodynamically unfavourable. The two energy contribution 
of the bulk term and the surface term together make up the total free energy of formation of 
the seed. At small cluster size, the surface term is the larger. At some critical size, the addition 
of one molecule to the cluster will gain more in bulk energy than it costs in surface energy, 
and the process will become spontaneous. Scince the bulk term, per molecule, increases as the 
temperature temperature is lowered, whilst the surface term is relatively temperature 
insensitive, the size of the critical nucleus reduces with lowering temperature. For water, the 
critical nucleus size can be reached by spontaneous fluctuation at around – 40 0C. This is the 
temperature of homogeneous nucleation(Fig.1).  
 
Fig.1- Homogeneous nucleation 
(water molecules cluster together) 
 
Should a catalytic template exist, the requirements for assembly of the critical nucleus 
become less stringent, and nucleation increases in probability at higher temperature. 
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Nucleation through the influence of a catalityc site is known as heterogeneous 
nucleation(Fig.2).  
 
 
Fig.2-Heterogeneous nucleation 
(dust particles promote nucleation) 
 
Whilst homogeneous nucleation is not probable much above  
– 40 0C, heterogeneous nucleation can be observed at higher temperatures. Heterogeneous 
nucleation is important in real freezing processes. In order to study nucleation, special 
techniques have to be applied, since once one nucleus is formed, growth is initiated, and will 
continue until either equilibrium is achieved, or some other kinetic constraint is encountered. 
The methods of studying nucleation subdivide the system into many droplets so that each 
droplet can be observed independently. Propagation is not possible between droplets. 
 
MATERIALS AND METHODS 
 
In order to accomplish this paper there were used data from the specialty literature and 
tools from AirFlow Company:  
 Hygro Thermo-Anemometer - model 407412. This anemometer                       
measures and displays the speed of the air, the temperature and the relative 
humidity;  
 Manometer type 504 for measuring the pressure; 
 Pitot tube for measuring the speed of the pressure. 
In order to calculate the Froude criterion one should start from the forces that act upon 
the particles, thus:  
The portent force: 
 
22
ep dvF =  (1) 
 
:The gravitational force: 
 
3
eg gdF =  (2) 
 
By equaling the two forces it results:  
 
gp FF =  (3) 
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RESULTS AND DISCUSSIONS 
 
Tab.1 – The optimum values of the Froude criterion for the fluidized bed 
pv,[N/m2] 15 21 29 32 40 48 52 65 72 80 
ps,[N/m2] 21 25 42 54 74 91 101 106 110 115 
v, [m/s] 0,61 0,8 1,5 3 6 8 9 10 15 30 
de[m] 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 
Fr 0,42 0,72 2,55 10,22 40 72 92 113 255 1125 
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Fig.3– The variation of the Fr criterion depending upon the speed of the fluidized bed agent 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4- Influence of freezing rate on the final structure of freeze product: (a) rapid freezing speed veryrapid 
freezing speed,(c) slow freezing speed,(d) slow freezing with subcooling. The liquid product is shown 
schematically with black points representing ice. Step 1, appearance of the first ice crystal; Sep 2, ice nucleation 
and crystal growth.; Step 3, end of the freezing step 
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The  speed of the fluidized bed agent may affect the size of ice crystals inside the 
frozen food and, consequently, the pore size in the freezer food. Three main situations may be 
considered(fig.4). 
 
CONCLUSIONS 
 
The values of the Froudes criterion as 0,4 -40 the speed of the fluidized bed agent  is  
slow, crystal growth is faster than ice nucleation . The water inside the cells tends to move out 
and crystallize in the interstitial areas. Growth of ice crystals may cause mechanical injury to 
the structure. This is not a good way to prepare foods for freezing. 
The values of the Froudes criterion as 40 -113 the speed of the fluidized bed agent  is  
rapide, ice crystals remain small owing to the higher rate at which ice nucleation is taking 
place in comparison with crystal growth at low temperatures. In this case, water crystallizes in 
microcrystals which will become small pores. If these small ice crystals grow in a certain 
direction, they will cut and damage the structure of the product. Nevertheless, crystallization 
takes place at the same rateinside as outside the food cells. Therefore, this method of freezing 
is used to preserve the structure of the material as much as possible. 
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